be weighted according to the time since the exposure to dust occurred and that an appropriate time weighting function would be one in the interval five to 19 years after each year of exposure to dust and zero otherwise. A statistically significant association between the relative risk of mortality from stomach cancer and the time weighted duration of exposure to dust in gold mines was found in miners under the age of 60. Time weighted indices of exposure to chromium and arsenic were formed for each gold miner by time weighting the product of the duration ofexposure to dust in a gold mine and the percentages of arsenic and chromium in rocks in that gold mine. Exposure to mineral fibre was measured in terms of the time weighted duration of employment in those gold mines that contain mineralfibre.Astatisticallysignificantassociation between the excess of stomach cancer in gold miners under the age of 60 and the time weighted index of exposure to chromium occurred and no association was found between the excess of stomach cancer and either the time weighted index of exposure to arsenic or the time weighted duration of employment in mines containing mineral fibre. The excess of stomach cancer in gold miners under the age of 60 was better associated with the time weighted index of exposure to chromium than to the time weighted duration of exposure to dust in gold mines. Although the number of cases of gastric cancer that were classified according to the system of Lauren was small, the data suggest that for miners under the age of 60, exposure to chromium is associated with the development of the intestinal rather than the diffuse type of gastric cancer.
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(British Journal of Industrial Medicine 1993;50:117-126) Previous studies have shown a statistically significant excess ofgastric cancer in Ontario gold miners."2 The characteristics of the excess are puzzling: the excess decreases as latency and duration of employment in Ontario gold mines increase.3 Also, the excess was larger in younger than in older gold miners. No excess of stomach cancer could be detected in Ontario miners who did not work in Ontario gold mines.
Ontario gold miners are exposed in the mines to dusts that contain silica, arsenic in the form of arsenopyrite and arsenian sulphides, mineral fibres such as actinolite and tremolite, and trivalent chromium in the form of a chromian mica (fuchsite) and chrome oxide (chromite). Since the mid-1940s most gold miners and all uranium miners in Ontario were exposed to aluminium powder, which was used in an attempt to reduce the incidence of silicosis. Diesel powered equipment was introduced into some Ontario gold mines in the 1960s and always used in Ontario uranium mines and in all but one of the nickel and copper mines. Miners were also exposed to fumes from blasting powders. Many of the miners were born in countries where mortality due to stomach cancer was higher than in Canada and the United States.
In this report, the possibility that the excess of stomach cancer is related to employment in gold mines is reconsidered using information about the amount of exposure to mineral fibre, arsenic, and chromium in individual gold mines.
Materials and methods
This is a retrospective cohort study of mortality based upon employment and personal data reported by miners to chest clinics that have been operated by provincial government agencies since 1928. Miners are required to attend the clinics to be certified as fit to work in jobs with dust exposure in the Ontario mining industry. Mortality data were obtained from Statistics Canada's mortality database for a 32 year period beginning in 1955. The criteria for inclusion in the study and details about the ascertainment of mortality are described elsewhere.' 4It has been estimated in a previous study that about 6% of the deaths in miners in the study were missed.'
STATISTICAL METHODS
The men in this study worked in gold mines, nickel and copper mines, uranium mines, or mines for other ores. For those other than uranium miners, personyears at risk were counted from the year of the first chest examination after 1954 when the miner reported that he had worked at least 60 months in jobs in the mining industry where he was exposed to dust, with at least two weeks of employment in the mining industry in Ontario after 1954. Person-years at risk for men who worked in uranium mines in Ontario were counted from the year ofthe first chest examination after 1954 when the miner reported having worked for at least two weeks in a uranium mine in Ontario regardless of the duration of any other mining employment. A few men were included in the study because their employment in a uranium mine was reported to the Atomic Energy Control Board by their employer before the men could report their employment history to a chest clinic. For these men person-years were counted from the earliest year of exposure to radon decay products in an Ontario uranium mine. Person-years at risk were counted up to the time of death, age 75, or the end of the study period, whichever occurred first.
Miners who worked in an asbestos mine or a uranium mine outside of Ontario were excluded to eliminate any risk that might result from exposure to asbestos and because exposures to short lived radon progeny in uranium mines outside of Ontario were not available when the study began. Mortality in men resident in the Province of Ontario was used to calculate the expected number of deaths. Mortality in miners older than 75 was found to be much lower than in Ontario men and the difference was probably due to the underascertainment of deaths in miners in the older age groups.
The hypothesis that the observed number of deaths was greater than expected was tested with the Poisson probability distribution. Poisson regression was also used to determine how several factors jointly affected the mortality ofOntario miners from stomach cancer.
GEOLOGICAL CHARACTERISTICS OF ONTARIO GOLD MINES
Studies of the geology of gold mines have shown that the rocks most closely bordering gold ore at a mine fall into one or more offour categories: volcanic rocks of either ultramafic (komatiitic) or mafic (basaltic) composition; and banded iron formation rocks of sedimentary origin or granitic (felsic) rocks that are intrusive plutonic bodies. Details about the host rock mineralogy of the major gold mines in Ontario are given elsewhere.4
WORK PRACTICES IN ONTARIO MINES
Although improvements in the ventilation of mines were made in the 1930s, the mid-1940s marked the beginning of increased efforts to decrease the level of exposure to silica dust by increasing the amount of ventilation. Almost all gold miners and all uranium miners were exposed to airborne aluminium powder in the changing rooms on the surface before each work shift in the hope of lessening the risk from exposure to silica dust. This practice was begun in the mid-1940s by most Table 1 shows that an excess of carcinoma of the stomach could be detected in Ontario gold miners but not in uranium or other miners in Ontario. The total number of deaths from stomach cancer in gold miners was larger than the number expected (observed (obs) 104, standardised mortality ratio (SMR) 152, 95% confidence interval (95% CI) 125-185). In men who did not work in gold mines, no excess was apparent (obs 74, SMR 102, 95% CI 80-128). Employment in uranium mines or in other mines (mostly nickel and copper) was not associated with excess mortality from stomach cancer. The difference in the relative excess of stomach cancers in gold miners who never mined uranium and uranium miners who also mined gold was not significant (p = 0-5). The average amount of chromium in an Ontario gold mine was determined by using the amounts of chromium in samples of rocks from the mine whenever such data were available. Otherwise, the average amount of chromium in PETROC's inventory of rock samples of the same geological type as the host rock in the mine and in the same mining camp as the mine were used. There were dozens of gold mines that operated in Ontario but many of these mines were small and operated for only briefperiods. Ofthe 4-3 million man-months that the study group worked in Ontario gold mines, 100 000 man-months (2%) were in mines where only the camp was indicated in the computerised work history records. When only the camp where the gold mine was located was known, the median concentrations of arsenic and chromium in mines in that camp were used as the most probable levels of exposure to arsenic and chromium. Equations of the torm: Obs/Exp = i + aX where obs = observed number of stomach cancer deaths, exp = expected number of stomach cancer deaths, X = the exposure variable, and i and a are the calculated regression coefficients, were used to test for associations between the relative excess of mortality from stomach cancer and each exposure. Table 5 shows that in gold miners under 60, there were statistically significant associations between mortality from gastric cancer and the time weighted duration of exposure to dust in gold mines and the time weighted index of exposure to chromium but not to the time weighted index of exposure to arsenic or the time weighted duration of employment in gold mines containing mineral fibre. For miners between the ages of 60 and 74, no statistically significant association between gastric cancer mortality and any of these measures was found. Table 6 shows mortality from stomach cancer in gold miners under 60. The data suggest that mortality from stomach cancer is more closely associated with the time weighted index of exposure to chromium than with the time weighted duration of employment in gold mines. The Poisson regression 49 years old.'4 The arsenic in the mines in Lorraine ranged between 0-02% and 0 05% and the chromium between 65 and 160 ppm. No excess of gastric cancer could be detected in white, middle aged gold miners in South Africa," or in gold miners in Salsigne'6 and western Australia. '7 DIET, SMOKING, ALCOHOL, AND PLACE OF BIRTH Many studies of stomach cancer indicate asociations between diet and the development of stomach cancer with some foods being protective and other foods increasing the incidence of the disease.'8 Hospital records contain little information about the dietary habits of cases of stomach cancer and it is difficult to contact next of kin retrospectively to obtain such information. Hence, although diet is thought to be an important risk factor for incidence of stomach cancer, it was not possible to take dietary habits into account in this study.
Smoking and alcohol consumption have been shown to affect mortality from stomach cancer. Ontario miners' mortality for cirrhosis of the liver (obs 189, SMR 77,95% CI 66-88), however, suggest that the alcohol consumption of Ontario miners is less than that of other men in Ontario. The results of a survey of Ontario gold and nickel and copper miners indicate that there is no difference in smoking habits between these two groups. 4 Several changes did occur in the work environment after the mid-1940s but no change was unique to the gold mining industry. The type of explosives changed in all mines in the 1950s and again in the 1970s but these changes occurred in all mines at about the same times. Aluminium prophylaxis was used in the gold mines and uranium mines in an attempt to decrease the risk of developing silicosis. Diesel powered equipment was introduced in both large nickel and copper mines, some gold mines, and most uranium mines. Most gold mines did not begin using diesel powered equipment until the end of the 1960s. None of these changes explains the early increase in mortality from gastric carcinoma in gold miners.
The association between the excess of stomach cancer and starting gold mining after 1945 can be interpreted as an artefact of the strong associations between the relative excess of mortality from stomach cancer, and both age and time since first gold mining. The mortality in the younger age groups of the miners who first worked in gold mines before 1945 would be only a small part of the mortality from stomach cancer seen in these miners. It should also be noted that of the 10 major gold mines containing ultramafic host rocks, the rocks containing high concentrations of chromium, The index of exposure to chromium could be regarded as a poor surrogate for measures of exposure to chromium based on air sampling data but that may not be the case here. The amount of dust swallowed by a miner is probably dependent in part on the amount of airborne dust in the mining environment and on the miner's work practices. A large fraction of the airborne dust is cleared from the lung and the nasal passages and then swallowed, but hand to mouth contact is also another route of exposure to dust. The indices of exposure to arsenic and chromium may well be good estimates of the exposure of the stomach to these substances.
The usual approach to examining the relation between a disease and exposure in the workplace is to attempt to relate the increased mortality to the total cumulative amount of exposure to the hazardous substance. Such an approach assumes that the risk from each increment of exposure persists at the same intensity for all periods after the exposure. In the analysis presented here, it is assumed that the risk from each increment of exposure is expressed in a finite amount of time. A similar approach has been used to analyse the combined effect of amount of exposure to radon progeny and the time since exposure in uranium miners.27 That analysis, of mortality from lung cancer, showed that the largest increase in risk occurred within 15 years from exposure to short lived radon progeny and that the risk was age dependent with younger miners being at higher risk than older miners.
A previous study showed that an excess of lung cancer in Ontario miners was probably related to exposure to arsenic and short lived radon progeny and that it was unlikely that exposure to mineral fibre was responsible for the excess. Although exposure to chromium compounds was not specifically considered, the concentration of chromium is highest in those gold mines that contain mineral fibre. No excess of lung cancer was associated with the duration of employment in Ontario gold mines containing mineral fibre. Also, other studies have shown strong associations between the incidence oflung cancer and exposure to sparingly soluble hexavalent forms of chromium but only weak and inconsistent associations between the incidence of lung cancer and exposure to other forms of chromium.' Conclusions An excess of carcinoma of the stomach was evident in Ontario gold miners. In men under 60, the excess was apparent both in men born in north America and in those born elsewhere. No such increase was evident in other Ontario miners under the age of 60. In miners over 60, no excess was apparent in miners born in north America, but an excess was evident in both gold and other miners born elsewhere. This late increase is similar to the excess of gastric carcinoma evident in residents of Ontario born in Europe. The 
